Introduction
Ocular trauma is an unplanned, but potentially avoidable event, making those eye injuries that are severe and sight-threatening of particular public health interest. The epidemiology of ocular trauma attracts a steady trickle of publications annually, but there are limitations in the information reported due to variations in the definition of trauma, sources of data, and differences in service provision. [1] [2] [3] [4] [5] [6] This makes comparisons difficult and examining trends over time even more challenging.
In addition much of the information and evidence available are from over a decade or more, representing valuable legacy data but posing limitations in their relevance and application to the current provision of health care and lifestyles, unless updated with contemporaneous data. [1] [2] [3] [4] [5] [6] Routinely available operational health data can provide useful information on patterns of activity relating to serious ocular trauma at both local and national levels. Data on the circumstance of an event relating to ocular trauma rely on bespoke collections, registries, or hospital-based series, and may be limited by their coverage or representation of the population affected. [1] [2] [3] [4] [5] [6] [7] [8] [9] We report new information from this population-based study regarding the aetiology and outcome of serious ocular trauma in Scotland, identify temporal trends by comparing the findings to an earlier legacy study conducted in 1991-1992 (using the same methodology), 1, 2 and add routinely available operational data to these studies to provide the national context in health service activity.
Materials and methods
The Scottish Ocular Trauma Studies were prospective, observational population-based studies. This paper reports new data from the 2008-2009 study and compares this with the 1991-1992 results. Cases were identified by active surveillance of serious eye injuries as a result of ocular trauma during 1991-1992, and then repeated in 2008-2009, using the same K The 2008-2009 study was conducted through the processes established by the British Ophthalmological Surveillance Unit (BOSU), 10, 11 with ethical approval from the Newcastle and North Tyneside 1 Research Ethics Committee (Reference 08/H0906/70). Following notification of an event to BOSU, specific study forms were used to collect data on the demographic characteristics of patients, the type of injury, cause (or activity) of injury, and the place (or setting) in which it was sustained; together with details on the process of care provided, clinical management on admission, and follow-up in outpatients; at discharge from ophthalmic care and for reporting a tertiary referral at any stage. Reminders were sent at regular intervals for outstanding data returns.
Mid-2009 population estimates for Scotland were obtained from the General Register Office for Scotland (2010), and for the earlier period the previously reported mid-1991 estimates were used. 1, 12 A blinding outcome was defined as final visual acuity worse than 6/60 that was attributable to the eye injury. A poor visual outcome was defined as final visual acuity worse than 6/12, attributable to the eye injury (and as such includes blinding outcome). Final visual acuity was that recorded at 12 months after the eye injury, or earlier if discharged from eye care.
Routine hospital activity data from the Scottish Morbidity Records (SMR01) on admission and discharge were obtained from the Information Services Division (ISD) Scotland, to describe the patterns of emergency ocular trauma admissions in Scotland from the decade preceding the study up to 2011. The following ICD-10 diagnostic codes for ocular trauma were used: S00.1, S00.2, S01.1, S02.3, S04.0, S04.1, S04.2, S04.4, S05.0, and S05.1-S05.9.
The main findings of the 2008-2009 study are presented as relative frequency distributions of injury characteristic (type, place, and cause of injury) in relation to age group and sex. These provide the conditional probabilities of an injury displaying the characteristic under consideration, among those injured, allowing comparisons, and profiles of injury characteristics in subgroups, defined by age and sex. Fisher's exact two-sided P-values were computed for comparison of proportions in frequency distributions, and 'exact' methods based on the binomial distribution were used to calculate 95% confidence intervals (CIs) for a proportion. Crude associations between gender and injury characteristics were assessed through estimation of odds ratios (ORs), but where this was not possible owing to zero frequencies, Fisher's exact two-sided P-values are presented. Logistic regression was used to estimate ORs as a measure of association between poor visual acuity outcome and various features of the eye injury (type, place, and mechanism). Data were analysed by using Stata software, version 9 (StataCorp, College Station, TX, USA).
No further analyses are presented for the 1991-1992 legacy study. The methods that were employed have been reported elsewhere, 1,2 and the findings are presented here for comparison with the current study, where appropriate.
Results
One hundred and two patients with ocular trauma were admitted to hospitals in Scotland, under the care of a Consultant Ophthalmologist, during the 12-month period November 2008 to October 2009. Of the records returned, at least 90% had complete data collection on all items, and final visual acuity data were available for 92 patients. There was a reduction in the number of patients admitted between the study periods from 415 in 1991-1992 to 102 in 2008-2009. 1,2 Only one patient was admitted for bilateral injury (1%), and these events remained infrequent. 2 Consultant response to the BOSU reporting system was 77.1%. As previously, good geographic coverage was achieved with all ophthalmic departments in Scotland participating in the studies. (Table 1) .
Age and gender distribution
Eighty-five percent of patients were male (similar to 1992 when 83% were male). Females were substantially older, with the difference in mean age being 20.26 years (95% CI: 9.32-31.19, P ¼ 0.004. 42% of admissions were in the 15-34-year age group, and of these 95% were males. Similarly in 1992, admissions were predominantly male patients, with 45% of all admissions in the 15-34-year age group (Table 2) .
Type of injury
Blunt injuries remain the most common type of injury sustained (41%), followed by penetrating injuries without an intraocular foreign body, (37%). Previously, these accounted for 56 and 23% of injuries, respectively, with significant differences in the overall frequency distribution for type of injury (Fisher's exact P ¼ 0.01; Table 3A ).
Place of injury
The home was the most frequent place for an injury to occur (30.6%), followed by the workplace (20.4%), similar to previous findings. There was a significant difference in the overall frequency distribution over the two time periods, most notably in the observed increase in frequency of injuries occurring on the street, and a reduction in those occurring in a sports or leisure facility (Fisher's exact P ¼ 0.009; Table 3B ).
Significant gender differences in the frequency distribution by place of injury were also seen (Fisher's exact P ¼ 0.008). Compared with males, females were more likely to have had the injury at 'Home' (OR 5.40; 95% CI: 1.69-17.16; Fisher's exact P ¼ 0.009). No injury events were observed for females at 'Work', suggesting that compared with males, females were less likely to Only patients treated as inpatients or day cases are included. An SMR01 episode is generated when a patient is discharged from hospital but also when a patient is transferred between hospitals, significant facilities, specialties or to the care of a different consultant. 3. Ocular Trauma Admissions are defined by ICD10 codes; S001, S002, S011, S023, S040, S041, S042, S044, S050, S051-S059.
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Cause of injury
Overall, 'Assault' (31.3%) was the most common cause of injury, followed by 'Machinery/Tools' (21.2%). This order remained unchanged in males, but in females, the commonest cause of injury was a 'Fall' (40%), and no injuries were caused by 'Machinery/Tools'. The gender difference in the overall distribution by cause of injury was significant (Fisher's exact P ¼ 0.001).
Females were more likely to have had 'Fall' as the cause of their injury, compared with males (OR ¼ 8.67; 95% CI: 2.41-31.49; Fisher's exact P ¼ 0.002), and less likely to have an injury caused by 'Machinery/Tools' (Fisher's exact two-sided P ¼ 0.036).
In 2009, the proportion of injuries due to 'Machinery/ Tools' among injuries at home was lower than that at work (25% and 65%, respectively), whereas in 1992, the proportion of these injuries were 46% and 52%, respectively. The chemical injuries reported occurred at work.
No significant difference in the overall frequency distribution for the mechanism of injury over the two time periods was demonstrated (Fisher's exact P ¼ 0.069; Table 3C ).
Protective eye wear was not considered to be applicable in the majority of injuries (61%, n ¼ 62). Four patients were wearing refractive correction (three glasses and one contact lenses). When applicable protective eye wear was worn by 5% (n ¼ 1/20) patients at the time of injury. In the earlier study, protective eye wear when applicable was worn by 9.5% (7/74) of patients.
Blinding and poor visual outcome
Of the 92 patients with valid final visual acuity records, 32 (34.8%, 95% C.I 25.15-45.42%), had a poor visual outcome attributable to the injury. Half of the patients with poor visual outcome (n ¼ 16/32) had no perception of light in the injured eye, which was similar to earlier findings (n ¼ 12/24). 1 Type: No significant associations were found between 'Type of injury' and with either poor visual outcome or blinding outcome.
Place: The observed proportion of poor visual acuity outcome in injuries at 'Work' (17%) was lower than that in every one of the other places of injury, apart from 'School' that was not assessed further owing to small numbers. Poor visual outcome occurred in 46% of injuries sustained in the Home, in 41% of those that occurred in the Street, in 56% of those occurring in a Public Building, and in 25% of injuries that took place in a Sports or Leisure Facility.
Findings from logistic regression are summarised in Table 4 . The proportion with poor visual outcome when injuries occurred at 'Home', or in a 'Public Building' was significantly higher than those occurring at 'Work' (OR ¼ 4.33, P ¼ 0.047; and OR ¼ 6.25, P ¼ 0.047, respectively. There were no other significant differences and adjustment for age or gender made no material difference to the findings.
Results for blinding outcome were similar to that of poor visual outcome, but the observed associations were not statistically significant.
Cause: The highest proportion of poor visual outcome occurred in injuries due to a 'Fall' (83%, n ¼ 10/12) followed by those due to an 'Assault' (46%, n ¼ 12/26), and those caused by machinery and tools (13%, n ¼ 2/ 15). Collectively 77% (n ¼ 24/31) of cases of poor visual outcome occurred in injuries caused by these categories. School not assessed due to small numbers. a Includes hamering.
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Findings from logistic regression are summarised in Table 4 . The proportion of injuries from a 'Fall' resulting in a poor or blinding visual outcome was significantly higher than in the other categories. (OR for poor visual outcome from 'Fall' ¼ 42.5, 95% CI 5.15-350.50, P ¼ o0.001; and OR for blinding outcome from 'Fall' ¼ 11.9, 95% CI 1.85-76.83, P ¼ 0.009). The proportion of injuries from an assault having poor visual outcome was significantly higher than those from machinery and tools (OR ¼ 7.29, 95% CI 1.39-38.15, P ¼ 0.019). Adjustment for age or gender made no material difference to the findings.
Discussion
These population-based data collected prospectively, in real-life clinical settings, in two time periods serve to describe some differences in the pattern of serious ocular trauma presenting to a specialist Ophthalmic Department in the NHS in Scotland.
The standardised, prospective, case collection system employed has been shown to be a robust and pragmatic approach for identifying cases of interest in routine practice without introducing any significant systematic bias. 1,2,10,11 The completeness of reporting in the recent study operating through the BOSU was consistent with those previously reported from the Unit. 11, 13 The aging trend in the population of Scotland over the time period reflects that observed across all of the UK devolved nations, with females accounting for 51-52% of the respective populations, and can be considered to be applicable to the UK as a whole. 14, 15 Males continue to account for the vast majority of emergency admissions for ocular trauma, particularly those in 15-34-year age group, and this has been consistently reported for many years from hospital and population-based studies and surveillance systems. [3] [4] [5] [6] [7] [8] [9] The observed gender differences around the circumstance of an ocular trauma event also persist. Compared with males, females are more likely to have an injury in the home and as a result of a fall, and less likely to have an injury in the workplace. These may reflect differences between males and females, with respect to their daily activities that may be risk factors for injury, as well as duration of exposure to these risk factors.
There was a significant change in the distribution of where an injury took place. Although the home remains the most common place for an injury to occur and the proportion of those occurring in the workplace remain unchanged, the observed difference in the overall distribution was influenced by an increase in frequency of injuries on the street and a decrease in those taking place in a sports of leisure facility. Machinery and tools, assault, and falls remain the major causes for an ocular injury.
As reported here, serious ocular trauma is predominantly a unilateral event. 2, 6 It is associated with significant monocular visual morbidity, and particularly with those injuries occurring in the home or a public place (other than a sports or leisure facility) and those caused by a fall or an assault. This would not otherwise be evident as monocular sight loss is not certifiable and therefore not captured in national certification and registration of sight impairment in the UK. Certification of severe sight impairment (ie, binocular sight loss) in England and Wales for all ages, attributable to injuries and accidents has fallen from 0.3% (36/13788 of all such certifications) in 1999-2000 to 0.09% (7/8173) in 2007-2008. 16, 17 The circumstances of the injury or accident causing certifiable sight loss are not available.
The findings reported are consistent with wider national trends in accidents and injuries. Accidents (45%) in the home are caused by falls, 18 and 35% of falls requiring emergency admissions to hospital occur in the home. 19 Accidents and falls prevention in the home remain the focus of mainstream public health interventions, 20 and their implementation is likely to have direct (albeit unplanned) benefit and relevance to the prevention of serious and potentially sightthreatening ocular trauma. Corporate responsibility for health and safety in the workplace, sports and leisure facilities, and other public places in the UK is covered by legislation, statutory instruments, and guidance for both employers and employees. 21 Over the past decade between 2003 and 2013, the proportion of all injuries occurring at work has remained relatively stable at about 20% (reflecting the pattern seen for eye trauma), and self-reported and nonfatal injuries have fallen by one third. 22 Levels of physical activity in Scotland remain fairly stable. Between 1998 and 2011, about 45% of men and 33% of women in Scotland reported meeting the recommended levels of moderate physical activity for adults, similar to the current levels of activity in England. 23, 24 Sports and structured exercise were the most popular types of physical activity for 54% men and 45% women. 23, 24 It may be reasonable to assume that some proportion of this structured exercise took place in a sports or leisure facility, such that implementation of health and safety legislation would have had some influence in reducing risk of any potential injury, including an ocular injury.
Overall, these findings may indicate a shift from corporate responsibility for health and safety towards personal responsibility for awareness of risk and making informed choices for prevention of injuries, including serious eye injuries.
Ocular trauma continues to account for a small proportion of all emergency admissions-0.3% in Scotland and about 0.25% in England. 25 The proportion of these admitted under the care of a Consultant Ophthalmologist has been falling steadily over more than a decade to 11% in 2011-2012 (Table 1) 25 This may reflect a combination of changes in practice (criteria for admission and clinical management), as well as service organisation and delivery in the NHS.
As indicated by these routine health service activity data, the majority of emergency admissions for ocular trauma have been, and continue (increasingly), to be managed primarily by other clinical specialties. These admissions may be associated with polytrauma of varying severity requiring multiprofessional (including ophthalmic) care for example, about 6-7% of patients with major trauma also have an ocular injury. 26, 27 Given the case definitions used in this (and the earlier legacy) study, no cases of polytrauma or major trauma were included. Nevertheless their needs should not be overlooked in any review or reconfiguration of emergency services to ensure that timely specialist ophthalmic care remains both accessible and available, and that the implications for training and maintenance of competencies are also considered.
We have previously reported a threefold reduction in risk of a poor visual outcome over the time periods covered by these two studies. 10 Although neither of the studies was designed to answer the likely explanation for this, it is possible that factors, such as the long-term impact of health and safety legislation combined with changes in clinical management, service delivery, and organisation may also be influencing the differences observed.
Summary
What was known before K There are significant gender differences in hospital admissions for serious ocular trauma. Nearly half of all admissions are 15-34 years of age, almost exclusively males (over 90%).
K In the population studied, serious ocular trauma most commonly occurs in the home.
What this study adds
K Ocular trauma is associated with significant monocular visual morbidity, particularly with injuries occurring in the home or a public place (other than a sports or leisure facility) and those caused by a fall or an assault.
K An apparent shift from corporate to personal responsibility for awareness of risk, health, and safety for prevention of serious ocular trauma has been highlighted that is consistent with the wider national trends in accidents and injuries.
K The proportion of all serious ocular trauma admitted under the care of a Consultant Ophthalmologist is decreasing. Availability of timely specialist care should be considered in any reconfiguration of emergency services.
